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Among the methods available for assessing body composition, traditional methods like 
hydrodensitometry and skin-fold measurements are well known. In this review, we focus on 
the impedance and interactance methods, which use systems that are usually inexpensive, 
easily transportable and simple to operate. We also discuss the usefulness of dual energy 
X-ray absorptiometry, particularly for the measurement of fat distribution. Nurses need to 
be skilled in the use of the equipment and familiar with the techniques.
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Métodos de enfermagem para a medição da composição corporal
Entre os métodos disponíveis para a determinação da composição corporal, os 
tradicionais, como a hidrodensitometria e a avaliação de pregas corporais, são bem 
conhecidos. Para esta revisão, centrou-se nos métodos baseados na impedância e a 
interactância, caracterizados pela utilização de equipamentos econômicos, fáceis de 
transportar e manobrar. Também discutiu-se a utilidade da absorciometria dual de raios 
X, especialmente para a determinação da distribuição da gordura corporal. É importante 
que o pessoal de enfermagem adquira conhecimentos sobre o uso desse equipamento, 
bem como que se familiarize com as técnicas descritas.
Descritores: Composição Corporal; Impedância Elétrica; Absorciometria de Fóton.
.
Métodos en enfermería para la medición de la composición corporal
Entre los métodos disponibles para la determinación de la composición corporal, los 
tradicionales como la hidrodensitometría y la valoración de pliegues corporales son bien 
conocidos. En esta revisión nos centramos en los métodos basados en la impedancia 
y en la interactancia, caracterizados por la utilización de equipos económicos, fáciles 
de transportar y manejar. También discutimos la utilidad de la absorciometría dual de 
rayos-X, particularmente para la determinación de la distribución de la grasa corporal. 
Es importante que el personal de enfermería adquiera competencias en el uso de estos 
equipamientos y también se familiarice con las técnicas descritas.
Descriptores: Composición Corporal; Impedancia Electrica; Absorciometría de Fotón.
Introduction
In the nursing profession, learning is a lifelong 
endeavor. Nurses are expected to pursue professional 
growth as long as they continue to work, to be competent 
in their areas of expertise, and to be up to date on the 
latest practices and understand the related technology. 
In the rapidly changing healthcare field, what nurses 
learn during their initial training can quickly become 
obsolete. New equipment and technology, procedural 
changes and new medical practices are some of the 
areas in which nurses are always required to have up-
to-date training and education.
The study of body composition is a rapidly expanding 
field. Body composition studies should be considered 
from the following two important vantage points: 1) body 
composition studies carried out for research purposes 
that later serve as models for practical applications, 
and 2) body composition studies carried out for clinical 
purposes in routine patient evaluation. Investigational 
studies generally use sophisticated and expensive 
measurement methods, whereas clinical studies are 
becoming increasingly less expensive and more widely 
used. In both cases, nurses should learn and apply the 
necessary methodological skills. These skills are the 
cornerstone of being a proficient nurse. This review will 
focus on the methods for measuring body composition 
that nurses use in clinical studies.
Background
Compartmental models of body composition
Compartmental models are often used to understand 
body composition at the molecular level. The two-
compartment model can be characterized as either of the 
following combinations: body weight (BW) = fat + fat-
free body mass or BW = lipid + lipid-free body mass. The 
three-compartment models include BW = fat + water + 
residual (the sum of glycogen, minerals, and protein) and 
BW = fat + bone minerals + lean soft tissue. The four-
compartment model is BW = fat + water + minerals + 
residual (the sum of glycogen and proteins).
The evolution of methods for assessing body 
composition has been rapid, quickly progressing 
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from the methods used for the study of the two-
compartment model (body fat and fat-free mass), such 
early hydrodensitometric techniques(1), to methods that 
enable studies of multi-compartment models, such as 
techniques for in vivo neutron activation analysis (IVNAA)
(2), which makes it possible to study body composition 
at the atomic level. The methods that are becoming 
the most widely used are those that permit the study 
of the four-compartment model of body composition(3), 
including fatty mass (FM), fat-free mass (FFM), water 
and minerals, and the three-compartment model, 
probably the most common, which measures FM, FFM 
(protein and minerals), and, water (by extrapolation)(4).
Differences between methods are enormous, not 
only in terms of complexity but also in terms of cost. 
For example, several measurement methods have been 
developed for two-compartment models using radioactive 
techniques. FM is calculated by subtracting from the 
body weight the FFM estimated using total body water, 
total body nitrogen, or total whole-body 40K counting 
(TBK). Bioimpedance analysis (BIA), a simpler and less 
expensive method, satisfies the same functions; FM is 
calculated by subtracting the estimated FFM from the 
body weight. It is obvious that the complexity and cost 
of radioactive techniques are much greater than those of 
BIA, which involves a simple instrument that is easy to 
use, inexpensive, and easily managed(5-6).
Setting aside IVNAA, tracer and gas dilution, and 
TBK, which yield atomic and uni-compartmental body 
composition measurements(7), the other techniques 
serve only to measure two or three compartments. To 
assess a four-compartment model, at least two methods 
for body composition assessment has to be used. 
Clearly, the most important method in this model is the 
one used to evaluate the mineral compartment(8), which 
explains the success of methods using dual energy X-ray 
absorptiometry (DXA)(9-10).
Of the methods for evaluating body composition, 
the traditional methods of hydrodensitometry, which is 
dependent on sex (i.e. bones are less dense in women 
which leads to an overestimation of body fat), age 
(i.e. the body fat of elderly patients suffering from 
osteoporosis may be overestimated), and the density 
of the musculoskeletal compartment (i.e. athletes 
tend to have denser bones and muscles than non-
athletes, which may lead to an underestimation of 
body fat percentage), or skin-fold thickness will not be 
discussed in this review. Likewise, we will not comment 
on the much more sophisticated methods of IVNAA, 
tracer and gas dilution, and TBK, which are available 
only in specialized units and are not likely to be used 
by clinical nurses, or on methods, such as computed 
axial tomography and magnetic resonance imaging 
(MRI), which are too expensive to use routinely for body 
composition assessment.
Methods used to assess body composition by 
nurses
Bioimpedance analysis (BIA)
BIA systems usually are inexpensive, easily 
transportable and simple to operate. Therefore, nurses 
do not need to develop special skills and BIA is a useful 
supplement to anthropometry. In the BIA method, one 
or more frequencies are introduced via electrodes across 
a tissue bed, and the impedance (voltage drop) of the 
electrical flow is detected. Impedance is the opposition by 
tissue to the flow of electrical current and is the inverse 
of conductance. Impedance is determined primarily by 
the volume of fluid present in the electrical pathway. 
Fluids and water form relatively stable relationships with 
other components, and BIA methods often are designed 
to quantify FFM and, indirectly, fat (BW minus FFM)(11).
In standard whole-body BIA methods, the nurse 
places electrodes on the hand and foot; however, 
segmental measurements, such as the leg-to-leg 
system based on pressure-contact foot pad electrodes, 
are receiving increasing attention(11). An important 
limitation of BIA methods is that many underlying 
assumptions are made, some of which have not been 
adequately explored. Traditional BIA methods use a 
geometric model that assumes that the component of 
interest is homogeneous in composition. However, the 
typical electrical pathways used with BIA in humans fail 
to meet this condition. BIA methods, therefore, should 
be used only under appropriate and carefully controlled 
conditions(11).
Near-infrared interactance
Interactance systems also are inexpensive, easily 
transportable, and simple to operate by healthcare 
professionals. Infrared interactance, also known as near-
infrared interactance, is a method that has been proposed 
for the determination of human body composition. This 
technique is based on the principles of light absorption 
and reflection using near-infrared spectroscopy. When 
electromagnetic radiation strikes a material, energy is 
reflected, absorbed, or transmitted depending on the 
dispersive and absorptive properties of the material. 
The energy transmitted within the material is dispersed 
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and reflected back to the emitter/receiver, transmitting 
information about the chemical composition of the 
material studied.
This technique was developed for the purpose of 
estimating the starch, protein, oil and water content of 
safflower seeds and oil. For estimates of human body 
composition, a computerized spectrophotometer with a 
simple, rapid monochromatic scanner and a fiber optic 
probe are used. The electromagnetic radiation used is in 
the wavelength range of 700 to 1100 nm. First, the probe 
emits electromagnetic radiation in the selected body 
site, and then it receives the interactive energy, which is 
a combination of the reflected and dispersed energy that 
it conducts to the detector. The signal penetrates tissue 
to a depth of 1 cm, and the composition is determined 
only at the measurement site. The interactance data 
are calculated by the instrument as the range of energy 
received from a target site relative to the energy received 
from a standard calibrator, which is a 1-cm thick Teflon 
block.
As for the best site to examine subcutaneous fat 
with this method, in a comparative study, it was found 
that the data obtained by interactance in the subscapular 
and suprailiac regions and in the thigh did not correlate 
as well with the percentage of fat measured by deuterium 
dilution(12). However, there was a correlation between 
these methods for the values obtained from either 
the triceps or biceps regions, or the combined triceps 
and biceps. For this reason, authors postulated that 
the subcutaneous fat composition of the biceps region 
correlates closely with total body fat composition and 
hence, the midpoint of the biceps is the region were the 
device must be operated(12).
Although initially used in adults, near-infrared 
interactance has been validated for use in children and 
young people(13-14) and in adults with different disease 
states(15-16).
Dual energy X-ray absorptiometry
Dual energy X-ray absorptiometry was developed in 
a pioneering work with a single photon source(17), after 
which a double photon source(18) was introduced and, 
finally, DXA(19) was developed. The system’s X-ray source 
produces a polychromatic photon spectrum. Exponential 
attenuation of the photons occurs as they pass through 
the subject’s tissue. The attenuation characteristics are 
used to estimate the fraction of each component in the 
evaluated pixel, as follows: soft tissue plus bone mineral 
in pixels with bone and fat plus lean soft tissue in pixels 
with soft tissue alone. X-ray attenuation in human 
tissues at typical DXA energies is primarily related to 
the type and proportion of elements present and to the 
photon energy. Elements with a higher atomic number 
strongly attenuate photons.
DXA has been validated against biochemical 
determinations of fat content in animals(20-25) and against 
a range of established techniques in humans, including 
hydrodensitometry and total body potassium(26-27). DXA 
has been shown to be precise and accurate and to permit 
the quantification of fat and lean mass proportions in 
anatomically defined regions of interest(28-29). DXA yields 
precise measurements of soft tissue and bone in specific 
regions and in the whole body. Body composition results 
obtained using this technique are not affected by 
changes in hydration. Therefore, DXA is considered to 
be a good method for evaluating the three-compartment 
model (BW = fat + bone minerals + lean soft tissue).
The relative expense of DXA compared with BIA 
and interactance, and the non-transportability of the 
instrument used detract from the merits of DXA as a 
method for measuring body composition. Although DXA 
is simple to perform, it is dependent on nurse skills and 
experience. Nurses should reassure the patient that the 
test is painless and non invasive and that it can usually 
be performed in less that 15 minutes. The nurse must 
ensure that the patient removes all jewelry from the 
body area to be examined.
Conclusion
Elevated body fat is related to health-related 
problems like atherosclerosis, high blood pressure, 
diabetes, lipidemia, obstructive pulmonary disease and 
osteoarthritis. Excessive leanness, as occurs in subjects 
with eating disorders, exercise addiction, and certain 
diseases, such as cystic fibrosis, can likewise result in 
life-threatening physiological dysfunction. In the light of 
the severity of the health problems linked with too much 
or too little body fat, it is no surprise that the assessment 
of body composition is a widespread and meaningful 
indicator used by nurses. As remarkable progress has 
been made in body composition measurements in the 
last several years, nurses need to keep their education 
up-to-date. Up-to-date knowledge allows a nurse to 
remain on the cutting edge of medical science. The first 
four levels of body composition can now be accurately 
measured by a clinical nurse, using systems that are 
inexpensive, easy to transport from one site to another, 
simple to operate, noninvasive and harmless. More 
sophisticated methods, such as dual energy X-ray 
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absorptiometry, have the advantage of allowing male 
and female fat distribution to be evaluated, which aids 
in the assessment of cardiovascular risk.
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